To English physiology we owe most of our knowledge of the sympathetic nervous system. It is more than twenty-five years since the principal results of the experimental and anatomical observations of Langley were published. The most recent advance has been the introduction of the surgery of this system. The results obtained by surgeons have amply vindicated the work of Langley, and further have confirmed what experiment showed, namely, that large portions of the sympathetic may be removed without incommoding the patient.
and non-medullated fibres to which Ranson allots the function of conducting painful impulses, and some of his physiological results may be due to antidromic effects, such as Bayliss elicited.
The attribution to this system of the neural basis of the plastic, or postural, tonus of muscle-attractive, since it supplied a dual basis for the supposed twofold activity of muscle, viz., its postural and its contractile activities, and also explained shivering as part of the visceral reactions of the body-has broken down. Its chief anatomical stronghold lay in the -presence of non-medullated fibres in the ocular muscles. These, on experimental grounds, I have been able to show are, not sympathetic fibres, but sensory fibres, being indeed proprioceptors starting from the mesencephalic root of the fifth nerve. Recently Dr. Phillips has told me that he has obtained evidence that sympathectomy increases the responsiveness of the sensory endings in muscle.
The idea that the blood-vessels obtained their vaso-motor fibres by prolongations from the central plexuses which reached the peripheral vascular nfelds by travelling wholly within the adventitia is opposed to the results of anatomical and physiological investigation. The results of my own experiments led me to oppose the notion of Leriche, and I think most surgeons have come to the same conclusion. There is, however, some surgical evidence that causalgic pain and the like may be relieved by peri-arterial sympathectomy. There is no question here of pain being transmitted wholly through the sympathetic, but rather this relief depends on the sensory fibres which are present in every nerve fasciculus that reaches a bloodvessel. The problem that needs solution is how far these sensory nerves run with the blood-vessels before they rejoin the peripheral nerves. I cannot answer this question with certainty, but I believe that the distance may be considerable perhaps enough to explain some of the good results obtained.
The idea constantly recurs in the writings of clinical observers that the sympathetic nervous system may have a share in the causation and in the transmission of pain centrally.
Such a conception has arisen out of the study of certain atypical neuralgias and the failure of Gasserianectomy to relieve these, and from the frequent failure of posterior rhizotomy to abolish peripheral pain. ExperimcnSs deliberately planned to test this hypothesis have failed to confirm it, and alternati%e explanations can be brought forward for som' of the cases. I feel there is no good reason for abandoning at the moment our venerable notion that all afferent fibres belong to the dorsal ganglia and the dorsal roots.
General functions of the sympathetic nervous system.-For the present then, we must be content to accept the anatomical basis of the peripheral sympathetic system much as Langley left it, and to see in it two great varieties of function.
In the one case it exercises certain tonic and stable functions. The constrictor effect on blood-vessels is constant and its removal is followed by vasodilatation. Tihe effects on the eye are also tonic. Narrowing of the palpebral fissure, constriction of the pupil, and apparent enophthalmos follow division of the cervical sympathetic. The regulating influence on the motility of the gut is much less constant, if indeed there is any tonic effect at all. The same applies to the sudomotor and the pilomotor eifects. These are occasional and are not constant. Though it is possible for the system to operate in sections, yet most of the activities we observe are widespread. The preganglionic fibres of the first four or five thoracic segments which pass to the cervical ganglia include all the sympathetic innervation of the eye, face, head and neck, heart, lungs, and upper extremity, and roughly in that order from before backwards.
In addition to this tonic, and perhaps sectional, effect, there is the total emergency function mediated through the whole of the sympathico-adrenal apparatus. This aspect of the functions of the sympathetic has been revealed and made 87 Section of Neurology and Section of Medicine 1581 intelligible and familiar by the work of Cannon. The connection has been amply confirmed by a variety of investigations, though it is interesting to observe that a recent ambitious German monograph on the vegetative nervous system makes no reference to it. The purely emergency value of this sympathetic-adrenalin effect is further confirmed by the fact that animals deprived almost wholly of the peripheral sympathetic system show no ill effects unless subjected to severe cold or fatigue. In a general sort of way we have now come to look upon the parasympathetic system as conservative and restorative in its effects on the tissues of the body. The sympathetic system is catabolic and makes more readily available the potential energy of the tissues. This sympathetic effect is preparatory to-and enhancesthe functions of the sensori-motor system. In ways not yet fully understood there is harmony and co-operation, regulation, augmentation and inhibition between these three systems. In sleep, for instance, the investigations of Hesse suggest that the parasympathetic is active, the sympathetic diminished, and the sensori-motor inhibited.
lhe central representation of the sympathetic nervous system.-Recently the interest in the sympathetic system has shifted from the periphery to the centre. Though little is known of the precise anatomy, there is good evidence that vasomotor, sudomotor, and pilomotor paths descend in the cord, probably separately in the antero-lateral columns, and end in relation to the intermediate grey matter of the spinal cord. The details of the anatomy of these paths are certainly discoverable and will soon undoubtedly be precisely known. Though the existence of subordinate centres in the medulla and cord is questioned from time to time, there is good evidence for accepting it. Nevertheless, it is in the diencephalon that the present evidence suggests that we should look for the controlling centres of visceral activities.
The recognition of the existence of diencephalic autonomic centres began with the work of Karplus and Kreidl, who, by stimulation and section, accumulated evidence that in the diencephalon there were centres controlling the cervical sympathetic and responsible for heat regulation. By stimulation they obtained augmentation of the tonic effects of the innervation of tbe eye-pupillary dilatation, widening of the palpebral fissure, and exophthalmos. Two anatomical facts have helped in the acceptance of these results. All through the vertebrate nervous system comparative neurologists have found in the base of the diencephalon a number of nuclei with fibre connections, which have led them to consider this region as an olfacto-visceral correlation centre. Further, this basal diencephalic region is so related to the sulcus limitans-the morphological partition between the sensory and the motor laminoe of the neural tube-which on morphological principles predicts its autonomic functions. Another rather striking peculiarity of the diencephalon is the tendency of the ependyma of both the roof and the floor-plate to form gland-like organs. In the roof, in the course of its history, we can point to the paraphysis, the velum transversum, the dorsal sac, the parapineal (the pineal eye) and the pineal gland. In man most of these structures are converted into the choroid plexus, while the pineal gland persists. There is no structure in man corresponding to the pineal eye of other vertebrates. In some animals the pineal gland presents histological evidence of secretory activity and nerve fibres can be traced into it. Despite the suggestions of clinical experience, experimental investigation has found no function for this organ. These roof structures are associated with the habenular ganglion which receives secondary and tertiary olfactory fibres, has a commissure, and is connected with the mid-brain. All these structures we are accustomed to dismiss as vestigial and of little importance to ourselves. Analogy is of little value in science, but for what it is worth the floor-plate of the diencephalon invites its use. We dismiss the roof as of little significance, and we are in a hurry to find in the floor the basis of human personality.
Be this as it may, the floor does present an interesting likeness to the roof. The infundibulum and the posterior lobe of the hypophysis are ependymal outgrowths of the floor plate. These have an innervation derived from nuclei in the floor of the third ventricle. The experiments, and I select those of Smith as amongst the most satisfying, have failed to reveal any defect following ablation of this part of the hypophysis-certainly not obesity. (It is true that he does not specifically refer to polyuria.) Historically this floor plate forms the large secretory and sensory structure of fishes, known as the saccus vasculosus. The mammillary body resembles very closely, in its structure, and fibre connections, the habenular bodies.
The anatomy of the hypothalamus.-The anatomical problems of the hypothalamus are far from solution. The region is inacqessible: the neurons are short and oftrepeated, so that the ordinary degeneration method does not help very much: moreover the fibres are mostly finely medullated, or non-medullated, and therefore special histological methods are necessary.
In general we can divide these hypothalamic structures into a median set adjacent to the floor of the third ventricle and a lateral set which extend farther out into the subthalamic region. In the median plane we have the supraoptic nucleus situated above the optic chiasma with which of course it has nothing to do. This nucleus is present in all vertebrates and becomes more differentiated as we pass up the animal scale. Two points are to be noted about it. Its cells become continuous caudally with those of the tuber cinereum and its fibre connections relate it to the paraventricular nucleus, and to the tmnia thalami, and fibres pass from it to the infundibulum and the pars posterior of the hypophysis.
The nucleus paraventricularis extends nearly throughout the mesial wall of the third ventricle. It is connected with the tuber cinereum and the supra-optic nucleus and, above, with the dorsal nucleus of the thalamus.
The tuber cinereum grows more elaborate in the course of evolution. It receives fibres from the stria terminalis, from the pallidum and from the mammillary peduncle. Caudally it is connected with the mammillary body.
The mammillary body is a considerable centre in the human brain: it extends forward into continuity with the nuclei just mentioned: it receives the anterior pillar of the fornix and gives off the venerable bundle of Vicq d'Azyr to the anterior nucleus of the thalamus. that the mammillary body receives afferent fibres from the mesial fillet through the mammillary peduncle. These fibres are probably pain fibres or related to organic sensations and come either directly or from the centre-median nucleus of the thalamus the region postulated by Huber as the essential nucleus of the thalamus in the sense that Head used this term, viz., " the pain centre." By way of the same bundle it gives off tegmental fibres to the mid-brain and these may be regarded as the efferent autonomic fibres.
The more lateral subthalamic structures include the field of Forel known as H.1, the fasciculus thalamo-hypothalamicus, the zona incerta, which contains the nucleus of Cajal, the ansa lenticularis-i.e., field 11.2 of Forel-coming from the on pallidum and proceeding to the red nucleus and to the subthalamic nucleus (see fig. 3 ).
The subthalamic nucleus may be of considerable importance in the functions of the hypothalamus. This nucleus occurs in all the higher vertebrates and is more differentiated in ourselves than in other mammals. It is composed of larger cells lying more in its lateral part while smaller cells occupy its medial region. Removal of the cerebellum or of the cortex in animals has no effect on the subthalamic nucleus. AMy own study of a case of extreme hydrocephalus led me to the same conclusion in man, though it is possible, as Winkler believes, that it may be connected with the frontal operculum. It is, however, in man and other animals, greatly affected by lesions of the striatum. These lesions affect the large cells, and some only of the small cells. The greater number of these latter remain and we d. fig. 1 may suppose that these are cells related to the median hypothalamic nuclei. From the subthalamic nucleus, fibres have been traced by degeneration which are related to the red and the black nucleus and to the central grey matter of the mesencephalon. This latter connection may be regarded as belonging to the autonomic system. [A picture of a unilateral lesion of the subthalamic nucleus in the cat was shown. No disturbance ot function was observed in this animal, but it was possible to trace degenera-ted fibres to the hypothalamus of the opposite side and towards the mammillary body.]
The thalamus proper we regard as consisting of three main nuclei. The anterior receives and probably gives off fibres to the mammillary body and, along with the medial part of the dorsal nucleus, is the principal source of the fibres to the striatum. The dorsal nucleus is the most significant part of the thalamus in the higher brains, for it is this portion which develops pairt passut with the cerebral cortex. It receives no ascending fibres directly, but is closely connected with the cortex by means of fibres coming from there. In may be regarded as the controlling or inhibitory centre of the thalamus and the hypothalamus. The ventral nucleus, to which belongs, perhaps, the centre-median nucleus, receives all the ascending fibres and transmits these to the cortex. Those elements related to organic sensations are relayed from here, perhaps to the hypothalamus. This is but an imperfect sketch of existing knowledge. So much of this region remains to be explored by the anatomist that no very good purpose would be served by further elaboration.
Some experimental observations.-Karplus and Kreidl obtained the effects of cervical sympathetic stimulation by applying an electrode to the hypothalamus. By careful anatomical control they discovered that the region from which they obtained dilatation of the pupil, exophthalmos, and widening of the palpebral fissure, was situated in the subthalamic nucleus. We have already noted that this nucleus contains a moiety of small cells unconnected with other parts of the brain and giving off a descending fibre tract to the central grey matter of the mid-brain. Therefore we may assume that here is a hypotbalamic sympathetic centre.
It was from about this region that Beattie and his colleagues obtained their vagal effects, and Beattie has told me in a recent letter that he has found both the sympathetic and parasympathetic centres close together in this part of the diencephalon and has obtained evidence of their reciprocal effects on each other. Another striking demonstration of the functions of this region is the anatomical analysis of sham rage achieved by Bard. By progressive sections through the central nervous system he has shown that the expressive effects of rage occur when all parts of the nervous system in front of the caudal region of the diencephalon are removed, and disappear when the section is carried beyond this point. Bard narrowed the anatomical basis of this reaction to an area comprising the caudal half of the hypothalamus and the most ventral and most caudal fraction of the corresponding segment of the thalamus. The reaction comprises two portions (1) Motor: Struggling, snarling, clawing, lashing of the tail and the like;
(2) Sympathetic-adrenalin effects: Erection of the hair, dilatation of the pupil, exophthalmos, sweating, rise of blood-pressure and heart-rate. The integration of these sympathetic and motor effects means that such a centre occurs in the diencephalon, and this centre includes probably the essential nucleus of the thalamus, the subthalamic nucleus, and the mammillary region of the hypothalamus. Through this neural mechanism are mediated the total effects of the emergency sympathetic response. The method of section has led to the conclusion that the tuber cinereum functions as a heat-regulating centre, working in the first instance through the nervous system and secondarily stimulating, through the sympathetic and parasympathetic systems, the major digestive glands and then the endocrine glands, thus metabolically affecting heat production and influencing heat loss by vascular regulation and sweating.
Penfield has reported a remarkable case of what he called diencephalic epilepsy. Between whiles his patient lay perfectly quiet. Suddenly he would become restless, and soon would follow vaso-dilatation, rise of blood-pressure, sweating, dilatation of the pupils, protrusion of the eye, increase in pulse-rate, pilomotor effects, &c. These effects would pass away, and the attack would gradually subside. Post-mortem investigation revealed a small tumour in the third ventricle, which had destroyed the anterior nucleus of the thalamus, and presumably irritated the more caudal diencephalic centres and the hypothalamus. I may briefly mention the conflict between those who would exclude the origin of such phenomena as pathological obesity with genital atrophy and polyuria from the pituitary and assign all these to the hypothalamus. One school, that of Cushing, postulates a hypothalamic-pituitary mechanism, somewhat akinto the sympatheticadrenal mechanism, and suggests that the nerve-fibres from the supraoptic nucleus regulate the production and outflow of the secretion of the pars neuralis and pars intermedia, whose natural flow they think is towards the hypothalamus. In support they quote certain facts, such as the observed migration of colloid bodies towards the ventricle, the existence of the nerve-fibres already mentioned, the clinical observations on the relief of diabetes insipidus by the use of pituitrin, the pharmacological effects of pituitrin, the occurrence of the fat body in amphibia after ablation of the pituitary, and experiments indicating pituitrin-like effects from ventricular cerebrospinal fluid. Investigations on this last point, which I carried out in the laboratory of Professor A. J. Clark, were negative. Recently Cushing has drawn attention to the reversal of the action of pituitrin when introduced into the ventricular system. Instead of being vaso-constrictor it now becomes vaso-dilator; instead of stimulating the large bowel it now has no effect on it; instead of causing dryness of the mouth it now causes salivation, stimulation of the gastric glands, and even vomiting. Thus it acts as a parasympathetic stimulant. The recent experiments of P. E. Smith have led him to conclude, however, that obesity occurs only when the hypothalamus is injured. Indeed, he believes that the pars nervosa is inactive, though he makes no specific reference to polyuria. The anatomical facts, by themselves, of course, prove no physiological function, and there is evidence that the colloid bodies are inactive. The existence of a hypothalamic-pituitary neural mechanism awaits further proof.
Despite the gaps in our knowledge, there is sufficient evidence of sympatheticand probably of parasympathetic-centres in the basal diencephalic region. This mechanism includes an integration with motor effects through the strio-pallidal system. Also the thalamus must be included in this neural group. The strio-pallidal mechanism still eludes experimental analysis, and for a knowledge of its activities we have to rely on the results of clinical investigation. I have already alluded to the absence of any defect observable in the cat after destruction of the subthalamic nucleus. This is in conformity with the experimental work of Wilson and of Spiegel.
Finally there is the question of the relation of the cortex to visceral representation. Many investigators have produced evidence of the cortical effects on the bladder, pupils, &c. In all cases these effects have been obtained from areas of the cortex, close to which the associated voluntary movements are situated. Although there is nothing inherently impossible in the cortical representations of autonomic and involuntary bebaviour, it is simpler, in the present state of knowledge, to assume that these cortical effects emanate from the cortico-spinal paths which have to do with the associated movements, and that the visceral effects are due to collaterals from this path to the autonomic nerve-cells in brain-stem and spinal cord.
These rather remarkable results appertaining to the localization of emotional effects in the basal region of the diencephalon have naturally stimulated speculation, and already a psychology is extant which contrasts the organic self of the diencephalon with the cognitive self of the cortex, emphasizing the unity and the compulsion of the former and the sense of duality and deliberation of the latter. Theories of behaviour, complexes, repressions and the like have of course been erected on these supposed emotional centres. It should be remembered that evidence of only the expressive effects of emotion has been obtained and moreover, that all hypothalamic lesions are not accompanied by such phenomena. When lesions of the hypothalamus are alleviated by surgery, neither the destructive effects of the lesion nor the unavoidable damage done by the surgeon, prevent these patients, when they recover, from being other than apparently normal persons. REFERENCES. BARD, P., Arch. Neur. and Psych., 1929, xxii, 230. GREVING, R., Erqeb. der Anat. und Entwick, 1923, Bd. 24, s. 348. HUBER, G., and CROSBY, E. C., Arch. Neur. and Psych., 1929, xxii, 187 . KAPPERS, A., " Die vergleichende Anatomie des Nervensystems der Wirbeltiere und des Menschen." Haarlem, 1921, ii. KARPLUS, J. P., and Kreidl, " Gehirn und Sympathicus," Pfliiger'8 Arch., 1928, Bd. 219, s. 613 et al. PENFIELD, W., Arch. Neur. and Psych., 1929, xxii, 358 . SPEIGEL, E. A., " Die Zentren des Autonomen Nervensystems," Berlin,1928. SMITH, P. E., "Hypophysectomy anda replacement therapy in the rat." Amer. Journ. Anat., 1930 , xlv, 205. CUSHING, H., Lancet, 1930 . WOOLLARD, H. H., " The Innervation of the heart," Journ. Anat., 1926, lx, 345. Id., "The Innervation of blood-vessels," Heart, 1926, xiii, 319. Id., " The Innervation of the ocular muscles," Journ. Anat., 1931, lxxv, 315. Professor Samson Wright: It is proposed to restrict this contribution to a brief survey of the nervous control of the circulation, with special reference to heart rate and rhythm, vascular tone and blood-pressure, and adrenalin secretion.
The relation of the sympathetic to special parts of the vascular bed will be considered first, particularly its relation to the cerebral, pulmonary, coronary and skeletal vessels, the capillaries and the veins.
The innervation and properties of the cerebral circulation.-The work of Gulland (1897), Morison (1898), Hunter (1901) and Stohr (1922) shows that the vessels in the pia mater, and also those penetrating the substance of the cortex, are supplied by non-medullated fibres which are probably derived from the sympathetic. Much experimental evidence is available that the cervical sympathetic nerves-and probably also the vertebrals (post-ganglionic fibres from the stellate ganglion)-exercise considerable control over the calibre of the cerebral vessels. Claude Bernard (1858) found that after extirpation of the superior cervical ganglion there is a rise of temperature in the homolateral cranial cavity, in the brain substance, and in the jugular venous blood-convincing evidence of vaso-dilatation. Stimulation of the peripheral end of the cervical sympathetic lowers the brain temperature below that on the normal side (Vulpian, 1875). After section of the cervical sympathetic there is dilatation of the cortical vessels and an increase in the number of patent capillaries, as can be determined by a careful study of histological preparations (Orr and Sturrock, 1922, Talbott, Wolff and Cobb, 1929) . The post-ganglionic fibres from the superior cervical ganglion pass into the skull along the internal carotid artery; the grey fibres of the vertebral nerve from the stellate and perhaps also from the inferior cervical ganglion (Henry, 1924) form a plexus round the vertebral artery and its branches and are thus carried to the bulb. Stimulation of the headward end of these nerves causes a rise of pressure in the circle of Willis, as can be measured by means of a cannula inserted in the cephalic end of the common or internal carotid artery (Hurthle, 1889, Francois-Franck, 1899). These results were interpreted as indicative of the presence of sympathetic vaso-constrictor fibres which raised the arterial resistance in the brain.
Many of the older observers were able, by direct microscopic study of the pial circulation, to observe constriction on sympathetic or afferent nerve stimulation (e.g., Callenfels, 1855, Vulpian, 1875). In spite of these and other positive results (see Forbes and Wolff, 1928) , the general view among physiologists in this country was, till quite recently, that the cerebral vessels were passively controlled by the general arterial and venous pressure and the intracranial pressure, and that no active nervous regulation of their calibre existed. (Roy and Sherrington, 1890 , Bayliss and Hill, 1895 , Hill and McLeod, 1900 , Florey, 1925 . The question is of clinical importance, because a number of conditions-ceritain types of convulsions, migraine, transient cerebro-vascular derangements-have been attributed to cerebral vascular spasm: thus Kennedy (1923) noted,. on the operating table the sudden blanching of the cortex of a patient at the onset of an epileptic seizure-but -it has not been possible hitherto to determine whether deranged innervation can be invoked as a factor, or whether these changes must be accounted for solely by local physicochemical disturbances or by alterations in the general circulation.
The recent studies of Forbes, Wolff, Cobb, and their collaborators (1928) (1929) have greatly extended our knowledge, cleared up the obscurity in the older literature, and definitely established the presence of active nervous control over the cerebral vessels.
In the cat (under amytal anaesthesia) a glass window is carefully inserted into a trephine hole made in the skull and fixed so as to close the cranial cavity completely; the air between the glass and the brain is replaced by Ringer's solution (Forbes, 1928) . The diameter of the pial vessels can then be accurately measured or a rapid series of photographs taken. Under these conditions the surface of the brain shows no pulsations whatever with heart-beat or respiration, contrary to what is observed when the cranial cavity is open. The pial vessels display a very uniform appearance even when the observations are prolonged for a period of an hour.
Nerve stimulation was found to produco the following effects: Stimulation of the peripheral end of the cervical sympathetic caused constriction of the pial vessels, with or without a rise of blood-pressure or of cerebrospinal fluid pressure; the average reduction in the diameter observed by Forbes and Wolff (1928) was 7%. The minimum change in diameter that could be accurately determined was 9 ,u; changes of over 13 *5 5u were noted in 60% of the experiments. In cases in which the blood-pressure rose as a result of stimulation, and passive changes in the cerebral vessels could be wholly excluded, changes of diameter of over 18 ,u were noted in 29%, and over 27 u in 17% of the tests. These changes are functionally of greater significance than appears at first sight, for according to Poiseulle's law, the minute volume flow in a capillary tube of given length varies as the fourth power of the diameter of the tube; a decrease in 7% in diameter is thus equivalent to a 20% decrease in flow. Stimulation of the central end of the vagus produces dilatation of the cerebral vessels, in spite of a fall of arterial blood-pressure or a rise of cerebrospinal fluid pressure; the average increase in diameter was found to be 20%, equivalent to an increase in blood-flow of 100%. The dilatation can be convincingly shown to be active; it occurs equally well under artificial respiration and so cannot be attributed to changes in breathing; it is not due to accumulation of metabolites resulting from an inadequate cerebral circulation, for it occurs when the blood-pressure is unchanged by the stimulation; the rise of venous pressure observed was slight and when it rose spontaneously to the same degree it did not alter the calibre of the vessels (Forbes and Wolff, 1928) . Central vagus stimulation produces the same results when both cervical sympatbetic trunks are cut, so that it presumably also inhibits the tone of the vaso-constrictor fibres which run in the vertebral nerve. It should be noted that in both sets of experiments which have been described the cerebral vascular changes took place in spite of movements of the blood-pressure which would tend to produce passively the opposite effect.
A significant constriction is obtained when adrenalin is applied locally to the cerebral vessels, and also when the drug is injected intravenously to produce a marked rise of arterial pressure. By means of cross-circulation experiments it can be shown that electrical stimulation of the sinus caroticus or a rise of cardio-aortic pressure may reflexly dilate the cerebral vessels when the head is artificially perfused at a constant pressure (Heymans and Bouckaert, 1929) .
It is difficult to see what purpose is served by the innervation of the cerebral vessels; it might be supposed that the chemical sensitivity of the vaso-motor centre to changes in the quality of its blood-supply, and the regulatory afferents from the aorta and the sinus caroticus would be sufficient to adjust the somatic circulation in such a manner as to ensure an adequate cerebral blood-flow. One consideration, however, comes to mind: if the vaso-motor centre were inhibited and the bloodpressure lowered, the cerebral circulation would be passively decreased, but if the depression of the vaso-motor centre decreased the tone of the cerebral vessels also, the resulting dilatation there would tend to increase the blood-flow through the brain and thus help to maintain an adequate circulation.
Pulmonary circutlation. -There is convincing anatomical evidence that sympathetic non-medullated fibres end (in large numbers) in the media of the arterioles (Karsner, 1911 , Larsell 1921 ) and these may be fairly safely presumed to be vaso-motor in function. Brown-Sequard (in 1871) seems to have been the first to publish observations supporting the existence of a vaso-motor control of the pulmonary vessels; Bradford and Dean (1894) came to the same conclusion, as a result of experiments in which they carefully compared the simultaneous changes in the carotid and pulmonary blood-pressure under various conditions. They found that the pulmonary blood-pressure does not passively follow changes in the systemic bloodpressure when these do not involve modifications in the nervous influence to the lungs. On the other hand, stimulation of the upper thoracic nerves, which supply sympathetic fibres to the lungs, definitely raises the pulmonary pressure, although the systemic pressure may rise very little or may even fall. Bradford and Dean believed that their observations were an adequate demonstration of the existence of a vaso-motor supply to the lungs, though they thought that the innervation was less well-developed than that of the systemic vessels; all the active pulmonary pressure changes noted by them were small in magnitude. A confused and contradictory literature has arisen since (see Wiggers, 1921) , but the balance of the recent evidence is definitely in favour of the positive view. Thus Hall (1923) , by illumiinating the surface of the lungs, was able to study the behaviour of the small vessels directly; the appearances are very stable and no active changes in vessel calibre are visible. The intravenous injection of adrenalin produces marked arteriolar constriction and at times almost complete cessation of blood-flow. Recent perfusion experiments on the isolated lung show that sympathetic stimulation definitely causes vaso-constriction, and it is likely too that peripheral vagus stimulation may cause vaso-dilatation (le Blanc and van Wyngaarden, 1924) . Daly and von Euler (1931) , in perfusion experiments, found that the pulmonary blood-pressure might be raised as much as 40% by sympathetic stimulation, suggesting that the nervous control may be of considerable functional significance.
Coronary circulation.-Anrep and bis co-workers have shown (1927) that the vagus (which inhibits the heart) exercises a tonic constrictor influence over the coronary vessels. Stimulation of the peripheral end of the cut vagus decreases the coronary flow even if the heart rate is maintained artificially at its previous level by means of direct electrical stimulation. The augmentor and accelerator sympathetie nerves dilate the coronaries. The adjustment of coronary vessel calibre to the needs of the heart is mainly affected by the chemical composition of the blood (anoxsemia, carbon dioxide, and adrenalin all acting as .dilators), and by the general level of the blood-pressure. Anrep, however, has shown that there is in addition some reflex nervous adaptation, for he found that an increase in the cardiac output reflexly inhibits vagus constrictor tone. Peripheral vessels.-The descending aorta, the iliacs, and the subelavians are innervated from the adjacent sympathetic ganglia (Woollard, 1926); the more peripheral vessels are supplied at intervals by sympathetic non-medullated fibres which have travelled in the adjacent nerve trunks (Kramer and Todd, 1914, Hirsch, 1925) .
The role of the sympathetic vaso-constrictor supply to the limb is well displayed when the appropriate ganglia are removed ; as is well known, a marked and persistent dilatation may be obtained in the case of both healthy and diseased vessels, as might have been anticipated from the results of the classical researches of Claude Bernard (1853). The operation for the upper limb consists of removal of the inferior cervical ganglion, and the first and second thoracic, and the intervening nerve trunk; for the lower limb the second, third and fourth lumbar ganglia, and the intervening trunk are extirpated (Adson and Brown, 1929) .
Sympathetic ganglionectomy thus performed results in vaso-dilatation, as shown by a rise of skin temperature and increased heat loss; this has been seen in cases of spastic paralysis (Royle, 1927) , of polyarthritis with vascular disturbances of the hands and feet (Rowntree and Adson, 1927), of Raynaud's disease, and of thromboangeitis obliterans (Adson and Brown, 1929) .
In some instances the dilatation has persisted for months or years. It is clear that in thrombo-angeitis obliterans the operations cannot affect vessels which have been obliterated or calcified, and can only assist in opening up the collateral circulation; it is therefore advisable to carry out a preliminary test to see whether these vessels are capable of being relaxed by removal of constrictor influences. This may be tested, for instance, by the injection of foreign protein (Brown, 1926) , by peripheral nerve block with novocaine, by heating the body with the affected limb excluded from the bath (Lewis and Pickering, 1931) or (in the case of the lower limbs) by spinal anesthesia to the level of the mid-thoracic cord. The researches of Lewis suggest that, at least as far as advanced cases of the disease are concerned, sympathectomy does not remove the underlying cause of Raynaud's disease, which Lewis believes to be some primary disorder of the vessels of the palmar arch and its digital branches. Clinical improvement admittedly occurs, following the operation, as the vessels become more capable of resisting the factors which precipitate the onset of an attack. According to Simpson, Adson and Brown (1931), milder cases of Raynaud's disease can be completely cured by sympathectomy.
The skin on the operated side, which is at first redder in colour, later becomes more pale than on the control side; the contraction of the small vessels, of which this is the expression, may perhaps be due to their increased reactivity to some circulatory pressor substance (as suggested by Dale) or possibly to the increased blood-flow through the part maintaining the concentration of the local natural vaso-dilator substances at a lower level than normal (Lewis and Landis, 1930).
Skeletal muscle.-The tendency in the past has been either to deny the existence of vaso-constrictor fibres to skeletal muscle vessels, or to minimize their importance. Conclusive evidence now exists that the sympathetic does influence these vessels, and that most of the fibres are vaso-constrictor in function. Gaskell (1916) found that section of the abdominal sympatbetic increased the blood-flow through the quadriceps extensor muscle. Hartmann, Blatz, and Kilborn (1919), showed that motor nerve section caused a rise of temperature in the muscles of the leg, which lasted for periods up to one hour, and gave evidence that it was not due to cutaneous vaso-dilatation. Rous and Gilding (1929) found that there is a considerable reduction in the blood-supply of muscle alter licemorrhage. Direct evidence was obtained by Gilding (1932) who studied the state of the vessels by means of intravenous injection of dyes, and showed that sympathetic nerve stimulation constricted skeletal muscle vessels markedly. Kremer and Wright (1932) found that in the flayed animal with splanchnic nerves divided, acute cerebral ana3mia produced a marked rise of bloodpressure which they concluded was almost wholly due to constriction of the skeletal muscle vessels.
The capillaries.-Stimulation of the sympathetic produces capillary constriction which can be proved to be active in character and not the passive result of narrowing of the arterioles. Thus it can be demonstrated to occur in the frog after removal of the heart, and in the rabbit's ear after occlusion of the circulation. Extirpation of the sympathetic, according to Krogh, leaves the corresponding capillaries in a dilated condition for a prolonged period. (Thompson, 1893) , the contained sympathetic fibres being responsible for the effect. Ducceschi obtained a rise of pressure in the saphenous vein on stimulating the crural nerve, with one crural artery occluded. Donegan investigated the question thoroughly (1921) . He found that veins could be divided into two groups: Group A, which are tonically contracted and which react immediately to weak sympathetic stimulation, and Group B, which are flabby and may only respond to repeated bouts of stimulation with a long latency and slow contraction. He showed that the sympathetic exerted a tonic constrictor influence in the veins. This was confirmed in man by Lewis and Landis (1930) , who found that the veins on the side of a sympathectomy were larger than those on the unoperated side, even when tested under conditions of equal temperature and venous pressure. Donegan also showed that the mesenteric veins are involved in vaso-motor reflexes. Horiuchi (1924) obtained dilatation of veins on weak nerve stimulation or on stimulating the sciatic nerve five days after section, when degeneration was well established. He found'that vein tone can be reflexly diminished both by stimulation of the dilators and inhibition of the constrictors. Fleisch (1930) proved that active veno-dilatation takes place during the depressor reflex. Heymans, Bouckaert, and Dautrebande (1931) showed that the mesenteric veins are reflexly constricted when the pressure in the carotid sinus is lowered. Isolated veins are constricted by a rise of carbon dioxide in the blood, acting on the nerve centres (Fleisch (1930) , Gollwitzer-Meier and Bohn (1930)). It is quite clear from this evidence that the nervous control of the veins is essentially identical with that of the arterioles.
Vaso-dtlator nerves.-There are a number of vaso-dilator fibres in the sympathetic to the blood-vessels in the splanchnic area (Rose-Bradford, Dale) and also to the peripheral vessels (Burn, Lewis). It must be recalled that the posterior nerve roots, when stimulated antidromically, can dilate the vessels of the skin and of muscle (Doi, Lewis) probably by liberating dilator substances. Bayliss showed that these latter dilators were concerned in vasomotor reflexes, though it is exceedingly difficult to see how the impulses can normally be conducted out from the central nervous system along the posterior nerve roots.
Sympathetic control of the heart.-It is well known that the sympathetic increases the rate and force of the heart, but there is much evidence that it also increases cardiac irritability. Rothberger and Winterberg (1911) induced paroxysmal tachyeardia by means of sympathetic stimulation; Kahn (1909) found that injection of adrenalin in animals may produce ectopic ventricular beats and heart block; Hume (1928) injected adrenalin (2-5 m. of 1/1,000 solution) intravenously in man and observed the same result in one case; in another instance, ventricular ectopic beats from multiple foci were produced, and in a third, transient auricular fibrillation. Goodman-Levy (1912) found that under certain conditions of chloroform anLesthesia, ectopic beats were liable to develop spontaneously or to be set up reflexly; this tendency disappeared on extirpation of the adrenal glands and the stellate ganglia, but the irregularity could then still be produced by injection of adrenalin. Allen (1930) produced an experimental arrhythmia in the rabbit by means of benzol insufflation; this was abolished, as a rule, by removal of the right stellate ganglion and section of the sympathetic below the left ganglion.
Action currents in s?ympathetic nerves.-Adrian, Bronk and Phillips (1932) have recently studied the action currents in mammalian sympathetic nerves. The rate of impulse conduction is slow-about 0-8 metre per second-though some fibres may conduct more quickly-up to 10 or 30 metres per second. In the resting animal the sympathetic discbarge is intermittent, with intervals as long as 0 5 second between adjacent impulses. These impulses appear to be travelling in vaso-constrictor fibres, for it is found that their frequency is modified by factors which influence the vaso-motor centre; thus asphyxia or the injection of histamine (which stimulates reflexly because of its peripheral depressor action) increases the discharge, while the injection of adrenalin (which raises blood-pressure by a peripheral constrictor action and so reflexly inhibits the vaso-motor centre) may cause complete cessation of the discharge in sympathetic nerves for as long as 5 or 10 minutes. Adrenalin does not produce this inhibitory effect after denervation of the carotid sinuses and section of the vagi; this proves that its inhibitory effect is not a direct one on the vaso-motor centre. Adrian has further shown that there is a variation in the sympathetic discharge with the phases of respiration, the maximum discharge occurring towards the end of inspiration. His evidence suggests that this is due to an irradiation from the respiratory centre to the vaso-motor, which is situated in very close relationship to it. Heymans (1929 (i) ) has studied the mode of production of the respiratory variations in the discharge along the vagus nerve to the heart which are the cause of sinus arrhytbmia. As the result of an elaborate series of experiments he concluded that this arrhythmia is due to an irradiation from the respiratory centre to the cardiac centre. It would thus appear that the respiratory centre grades in a delicate manner the activities of the closely adjacent circulatory centres.
Peripheral mode of action, of attonomic nerves.
-The experiments of Loewi on the frog's heart indicate that the vagus, and probably also the other parasympathetic nerves, liberate peripherally a chemical substance which may possibly be acetylcholine. As is well known, the injection of acetyl-choline reproduces almost all the effects of parasympathetic stimulation. The work of Loewi, of Finkleman, and of Cannon and his co-workers has also shown that the sympathetic nerves liberate an adrenalin-like substance in the heart and the small intestine, and probably in all the tissues they supply. The sympathomimetic action of adrenalin, which has long been known, thus becomes readily explicable. The regulatory afferent nerves of the circulation.-The main afferent regulatory nerves of the circulation (Blutdruckziigler, Blutdruckregler, "buffer nerves") arise from the aortic arch (aortic nerve) and the carotid sinuses (sinus nerves). 1 In addition there are afferent fibres which pass up from the venous side of the heart. As is well known, the carotid sinus is a dilatation present at the bifurcation of the common carotid artery, usually at the commencement of the internal carotid but sometimes involving the common car6tid as well, or solely. The wall of the carotid sinus and of the aortic arch is richly supplied with sensory fibres which pass to the adventitia and terminate in diffuse arborizations between the connective tissue fibres. The sinus nerves join the glosso-pharyngeal and to a less extent the vagus: the aortic nerves may follow an independent route for a variable distance but finally join the vagus. These two pairs of afferent nerves enter the medulla and establish connections with the centres controlling the circulation, i.e., the vaso-motor, cardiac, and adrenalin-secreting centres. The receptors in the sinus and aorta are exquisitely sensitive to pressure changes, and play an essential part in maintaining the constancy of the circulation under resting conditions. Aortic nerves.-It is well known that central stimulation of the separate aortic (" depressor I) nerve of the rabbit produces, reflexly, slowing and decrease in the force of the heart, vaso-dilatation, and a fall of blood-pressure. The heart effect is due mainly to an increase in vagus activity, to a less extent to depression of accelerator tone (Brucke, 1917) and perhaps also to decreased adrenalin secretion. The fall of blood-pressure is partly cardiac in origin and partly the result of widespread vasodilatation in the splanchnic area, skin, mucous membranes, and glands; the cerebral vessels definitely share in the relaxation, but the effect on the kidney is doubtful; it is probable that the capillaries (McDowall), and the veins (Fleisch, 1930) , may also be involved. The dilatation is due to reflex inhibition of the vaso-constrictors and stimulation of the vaso-dilators, especially (Bayliss), the antidromic dilators in the posterior nerve roots.
There is little doubt that, in the main, the aortic nerves in the normal resting animal exert a tonic inhibitory effect on the bulbar centres; section of these nerves causes acceleration of the heart, a rise of blood-pressure, and an increase in adrenalin secretion (v. inf.). It can be readily shown by means of cross-circulation experiments (Anrep and Starling, 1925 , Daly and Verney, 1926 , Heymans, 1929 that the sensory receptors of the aortic nerve are stimulated by cnanges in the cardioaortic pressure and that a rise of pressure increases their inhibitory activity.
It can be demonstrated by means of capillary electrometer studies (Adrian, 1926 ) that nervous impulses do not flow continuously along these nerves; a series of large oscillations is set up at the commencement of systole, coincident with the onset of ventricular ejection, and a further small discharge coincides with the dicrotic wave; there is usually a pause during the rest of diastole. There is evidence, too, which suggests that the aortic nerves also contain pressor fibres, which come into action when the arterial blood-pressure is low, and produce stimulatory effects on the bulbar centres.
Carotid sinuts and sinus nerves.-Stimulation of the central end of the sinus nerves mechanically, electrically, or by traction, sets up reflexly depressor effects in every way identical wvith those described for the aortic nerve. The nerve-endings can be stimulated in a physiological manner with far greater ease than, is the case with the aortic arch. The method usually employed is as follows: All the branches of the common carotid artery are tied, care being taken to ligate the internal carotid distal to the sinus and not to damage the nerve filaments; a cannula is introduced into the common carotid and connected with a pressure reservoir so that the internal pressure may be varied at will (Koch, 1929) ; or else the artery and sinus are perfused from a Dale-Schuster pump or from another animal, the fluid being led away by means of'another cannula in the central end of the lingual artery (Heymans, 1929 (ii) ). Under these conditions the sinuses are isolated from the circulation and only connected by means of their afferent nerves with the central nervous system and the type of stimulation employed closely resembles that which might come into operation in the body. It can thus be readily shown that a rise of internal pressure produces, reflexly, vaso-dilatation and slowing of the heart. The cardiac slowing (resulting from raised sinus pressure) is due mainly to reflex increase in vagus tone, but when the sinus pressure is very high some inhibition of accelerator tone also occurs. The vaso-dilatation involves the splanchnic area (spleen, intestine, kidney), the cerebral vessels (v. supra) and the mesenteric veins (Heymans, Bouckaert and Dautrebande, 1931) . Conversely a fall of internal pressure in the carotid sinuses reflexly produces vaso-constriction and acceleration of the heart. This can be readily shown in the intact animal by occluding the carotids; after denervation of the sinuses carotid occlusion produces negligible effects on blood-pressure or heartrate. The sinus nerves (like the aortic nerves) exercise in the normal individual a tonic inhibitory influence on the circulatory centres.
Carotid sinus, aortic nerves and adrenalin secretion.-Tournade and his co-workers, by means of cross-circulation experiments, were able to show that secretion of adrenalin is probably going on continuously in the resting animal, and that the amount of such secretion is adjusted in a manner that assists in maintaining the normal level of blood-pressure. Heymans (1929 (ii) ) later, showed that the adjustment of adrenalin secretion is reflexly controlled by the aortic and sinus nerves; a rise of pressure in the carotid sinus or aortic arch reflexly inhibits secretion, while a fall of pressure produces reflex stimulation. Changes of pressure in the circle of Willis have no direct effect on the "adrenalin secreting " centre. At rest, the aortic and sinus n3rves exert mainly a tonic inhibitory effect over adrenal activity; it is found that section of the " buffer nerves " causes an increase in adrenalin secretion.
General survey of the reflex regulation of the heart-rate and blood-pressure. -It is tolerably clear that the aortic and sinus nerves under resting conditions play an essential part in stabilizing the heart-rate and blood-pressure within normal limits, principally by means of the tonic inhibitory influence which they exert on the cardiac and vaso-motor centres and on adrenalin secretion. A rise of blood-pressure at rest increases their inhibitory activity; a fall of blood-pressure, on the other hand, lessens it and may also bring into action pressor fibres which possibly arise from the aorta. It should be emphasized at this point that the pressure in the cerebral vessels does not act directly on the cardiac or vaso-motor centres. The cardiac afferents which pass back along the sympathetic nerves do not appear to be greatly concerned with the regulation of the circulation; their nerve-endings are probably pain receptors rather than pressure receptors. The receptors on the venous side of the heart are mainly concerned with the acceleration of the heart which occurs in exercise.
The quantitative experiments of Koch (1929) and Heymans and Bouckaert (1929) have shown in how sensitive a manner the carotid sinuses control both bloodpressure and heart-rate. If the pressure in the sinuses is below from 20 to 50 mm.
(depending on the species) no depressor impulses pass up to the medulla. As the pressure in the sinuses is raised above this threshold value, reflex vaso-dilator and cardio-inhibitory effects are obtained which are related in a definite manner to the level of intrasinusal pressure. The maximum reflex effects are obtained at an intrasinusal pressure level of 150 to 250 mm. In all the species examined the sinuses are found to react most sensitively to slight internal pressure variations when these are in the neighbourhood of the normal resting blood-pressure. All four "buffer nerves " form a functioning unit; if one or more is removed the remaining ones will to a large extent act vicariously. As might be expected, it is far easier to modify the level of the blood-pressure by experimental procedures when the buffer nerves have been extirpated than when they are intact. Thus, Izquierdo (1930) showed that the rise of blood-pressure produced by stimulation of the peripheral end of the splanchnic nerve is greater after division of the buffer nerves (in spite of the fact that the initial level of the blood-pressure is higher). Again, Izquierdo and Koch (1930) found that section of the splanchnic nerves in the intact rabbit produced a 30% fall of blood-pressure which was soon recovered from; but if the buffer nerves were previously divided, splanchnic section produces a 70% fall of pressure and there is little evidence of recovery. In the intact cat Kremer and Wright (1932) found that no fall of pressure might be caused by splanchnic section; while after section of the buffer nerves, the same operation lowered the pressure by about 50%. They showed also that the presence of two intact buffer nerves-or even of one-diminished to a considerable extent the depressor effect of splanchnic section.
In exercise the greatly increased venous return raises the auricular pressure and reflexly produces a quickening which enables the heart to cope effectively with a larger inflow. The consequent increased heart output mechanically raises the bloodpressure, and this presumably increases the inhibitory tone of the buffer nerves, but to what extent it is impossible to say. During severe exercise the auricular reflex predominates, and the heart accelerates to its maximum extent: whether the heart quickens or not in moderate exercise will presumably depend to a considerable extent on the relative potency of these two antagonistic retlex mechanisms. It is not known, too, to what extent the buffer nerves are a factor in preventing an excessive rise of blood-pressure in exercise. When one remembers that the output of the heart may increase threefold or fourfold in exercise, the actual rise of blood-AUG.-JOINT DIs. No. 5-2 * pressure observed is comparatively trivial; it is conceivable that the buffer nerves play a part in the necessary " damping" operations.
Acute and chronic effects of extirpation of the buffer nerves.-If all four buffer nerves are cut, the heart accelerates and may become irregular, the blood-pressure rises and adrenalin secretion is increased. If the operation is carried out at one sitting, the animals do not, as a rule, survive long, and soon die from ventricular fibrillation or cedema of the lung, but if the extirpation is carried out in stages the animals may live for an indefinite period. The degree of cardiac acceleration which is observed depends on the initial degree of vagal tone; there is little increase in heart-rate in the rabbit, but in the dog the increase may be from 50 to 220 per minute, in the monkey from 150 to 230, and in the cat from 190 to 220. Subsequent section of the vagi (when they contain no aortic afferents) may then produce no further acceleration, so that it would appear that vagus tone is normally exclusively reflex in origin. From some observations of Koch (1931) it would appear that the aortic afferents exert a great inhibitory influence on heart-rate, and have a small effect on blood-pressure, while for the sinus nerves the reverse is true.
The cardiac irregularity most commonly observed consists of extrasystoles they may be solitary or form runs of varying lengths, and may arise from the right or left ventricle or both. The arrhythmia persists after section of the vagi, but is abolished by section of the cardiac sympathetic nerves or their paralysis by means of ergotamine (Regniers, 1930) . It appears probable that the buffer nerves reflexly exert a tonic inhibitory influence over the cardiac sympathetic, and thus help to maintain the normal rhythm of the heart. Persistent hypertension. -Koch and Mies (1929) were the first to show that if the buffer nerves are removed in two stages in the rabbit, a chronic hypertension may be produced which may last for as long as eighteen months. Kremer, Scarff and Wright (1932) have had rabbits under observation in which the carotid artery was exteriorized and enclosed in a loop of skin, according to the technique of van Leersum. It was thus possible to make repeated accurate determinations of the blood-pressure in the animals by a method which did not involve any further operative procedure. The resting blood-pressure in the intact rabbit is about 90 to 100 mm. If one sinus nerve and one aortic nerve were excised the average bloodpressure reading in 130 observations on eleven animals was about 115 mm. Hg. When the remaining aortic and sinus nerves were removed the range of blood-pressure noted was 120 to 190, the majority of the readings falling between 140 and 170 mm. It thus seems certain that a long lasting hypertension may be produced in rabbits in which the afferent inhibitory control of the vaso-motor centre has been removed.
Examination of the aorta of these hypertensive animals (as first shown by Nordmann, 1929, and as we have been able to confirm) reveals the presence of pathological changes which are usually most definite in the region of the arch, especially near the mouths of the main branches. In the media there are patchy areas where the muscle and elastic fibres have been destroyed and sometimes replaced by calcified tissue. Degenerative changes and secondary fibrosis may also be noted in the heart muscle. Nordmann (1929) has also described fibrotic changes in the kidney and in the pulmonary arteries, but this has not been a striking feature in our series.
It is not yet possible to say whether the structural changes in the arteries are secondary to the hypertension or whether they are both produced by one common factor. It should also be made clear that, so far as one can see, it is improbable that chronic hypertension in man can often be due to the buffer nerves being put out of action by disease, but the experimental hypertension which has been described clearly opens up opportunities for research which may possibly help in the unravelling of the mystery of the human disease. Dr. A. F. Hurst: I shall confine my remarks to a consideration of certain aspects of the sympathetic nervous system in connection with the alimentary canal, which I have myself investigated at different times during the last twenty-five years with a number of collaborators.
The gastro-itleo-cwcal and qastro-colic reflexes.'-Between three and four hours after a meal chyme begins to reach the end of the ileunm, in which it collects for half an hour or more before any of it passes into the caecum. Vigorous segmentation takes place, by means of which the chyme is churned and brought into intimate contact with the mucous membrane, but for a time none passes into the csecum, as the ileo-caocal sphincter remains closed. The terminal ileum thus forms a kind of intestinal stomach, in which the digestion of protein, carbohydrate, and fat is completed and the products of digestion are absorbed. From time to time peristaltic waves pass down the distended terminal ileum to the ileo-caecal sphincter, which relaxes to allow the passage of chyme into the ceecum. Alan Newton and I found that the peristaltic waves increased in frequency during and immediately after nleals, and consequently this is the period during which the greater part of the contents of the ileum enters the ceecum. It is clear therefore that the activity of the terminal ileum and of the ileo-caecal sphincter depends upon a reflex initiated in the stomach, presumably with the object of providing room in the " intestinal stomach " for the products of the gastric digestion of the next meal.
Radiologists were for a long time puzzled as to what could be the nature of the normal activity of the colon, as, in contrast with the stomach and small intestine, which were in a perpetual state of activity, they never saw any movements in the colon. Holzknecht (1909) and Barclay (1912) had seen on isolated occasions a movement of "mass peristalsis " occur, which carried a large part of the contents of the colon a considerable distance forward in the course of a few seconds, but it was difficult to believe that a phenomenon so rarely observed could represent the normal activity of the colon. On examining normal individuals at hourly intervals throughout the day, we had noticed that the only appreciable changes in the appearance of the colon were observed after the intervals in which a meal had been taken (1907) . Newton and I (1913) therefore watched during and immediately after meals and found that mass peristalsis occurred regularly just after meals, and that the normal passage offeces from the ascending colon to the pelvic colon depended upon a gastro-colic reflex. Subsequent investigations have shown that many cases of functional intestinal disorders depend upon exaggeration or inhibition of this reflex.
Sensibility of the alimentary tract.' The nature of the afferent stimulus which calls forth the reflexes I have just described can best be understood by a consideration of the sensibility of the alimentary canal. We found that the mucous membrane from the upper end of the pharynx to the junction of the rectum with the anal canal is completely insensitive to tactile stimuli. Heat and cold are felt in the cesophagus, but not in the stomach or intestines. The only adequate stimulus to sensation in the alimentary tract is increased tension on the muscle fibres of its walls, such as is produced by a rise in internal pressure. A slight increase in tension produces the sensation of fullness, a greater increase the sensation of pain. A subliminal increase is probably the effective stimulus to the afferent impulses which give rise to the various normal viscero-visceral reflexes, amongst which are the gastro-ileo-caecal and gastro-colic reflexes I have already described. It is clear that these are entirely sympathetic in origin.
The call to defaecation.-We found, by means of a balloon inserted through a sigmoidoscope, that distension of the pelvic colon gives rise to a sense of fullness in the middle line just above the pubes (A. F. Hurst, H. W. Barber and K. Digby, 1909) .
Distension of the rectum immediately below the pelvi-rectal flexure gives rise to a totally different sensation, situated in the perineum the " call to defaecation." Normally the rectum is empty; the gastro-colic reflex produced by breakfast leads to mass peristalsis in the pelvic colon, which empties its contents into the rectum.
The desire to defaecate then prompts the voluntary action which calls forth the defaecation reflex.
The call to defaecation in tabes.-H. W. Barber and I (1909) found that the tension required to produce thne call to defacate is generally increased in tabes. It was double, or more than double, the average normal in six out of fourteen tabetics; in seven others it was greater than normal, and in only one was it less. Moreover, the sensation began after a short latentt period instead of being almost instantaneous, and it lasted for some time instead of disappearing directly the tension was no longer increased. It is clear, therefore, that the rectal muscle sense, which must be conveyed by sympathetic nerve fibres, is generally impaired in tabes, though the slight disturbances in deftecation to which it gives rise are rarely noted, as they are generally trivial compared with the other symptoms of which the patient complains. Achalasia of the cardia and anal sphincters.2-So far as I know, there is only one group of diseases which depends entirely upon pathological changes in the peripheral sympathetic nervous system. This is achalasia of the cardia and anal sphincters. In 1924 I suggested that the dilatation and hypertrophy of the cesophagus which resulted from absence of the normal relaxation (achalasia) of the cardiac sphincter in the act of swallowing would probably prove to be due to some organic disease involving Auerbach's plexus. This has now been proved to be the case by G. W. Rake, who has found inflammation or degeneration in the plexus in every one of twelve specimens he has examined, and his observations have been confirmed by everybody who has looked for these changes. At the same time I suggested that Hirschsprung's disease in children and megacolon in adults were due to an exactlv similar condition involving the sphincter ani, and in the only examination of Auerbach's plexus in a case of the kind which has since been made, definite degenerative changes were found (J. A. M. Cameron).
Dr. Russell Brain: Paroxysmal autonomic over-activity.-Professor Woollard has already described the phenomena of sham rage which has been observed in decorticated cats and in which evidence of widespread sympathetic activity is associated with the motor manifestations of anger. Fulton and Ingraham bave made the important observation that in order to establish the condition of sham rage, it is unnecessary to remove the cerebral cortex. They have produced it in cats by an incision made bilaterally on the median aspect of the frontal lobes, 3 to 4 mm. anteriorly to the optic chiasma. Such an incision presumably interrupts an inhibitory influence exerted by higher centres upon the hypothalamus.
I propose to consider first to what extent phenomena akin to sham rage occur in man as a result of organic lesions of the nervous system. A considerable variety of attacks characterized by sympathetic overactivity may be encountered. The disturbance may be predominantly psychical or predominantly physiological. It may be an exaggerated or abnormal response to an external stimulus, or an epileptic discharge with no discoverable precipitating factor. In attacks of the latter type consciousness may be impaired.
(1) The psychical state may be one of rage or anger. This occurred in a patient of mine, a man aged 29, who was knocked down by a car and sustained a fracture of the right parietal bone and of the jaw. Following this he developed symptoms of cerebral contusion and became mentally abnormal. He suffered from compulsions which were all of an aggressive character. He felt an impulse to attack people, and he said that if he saw a long-bladed knifehe wanted to feel the suction of drawing it out from the flesh. He was subject to frequent attacks of violent rage, which occurred if he was thwarted in any way, and one was evoked by the mere suggestion that he should come into the hospital. He at once started up, with flushed face and dilated pupils, threatened to become violent, and was only calmed with difficulty. Psycho-physiologically his emotional state appeared exactly equivalent to that of the decorticate cat.
(2) The predominant emotional state may be one of fear. This is well illustrated by a woman aged 42, who had been subject to severe convulsions in infancy.
Until 1919 she weighed less than 8 st. and now weighs lij st. Two years ago she began to suffer from attacks characterized by an intense feelingof terror, though she could not say of what she was afraid. She had no warning; the attacks might awaken her at night. She sometimes had as many as ten a day; they did not last more than half a minute; she did not lose consciousness, but was slightly dazed and unable to continue what she was doing. She expressed herself as feeling paralysed for the moment. In the attacks she was pale and her heart beat rapidly. Those who saw her said she looked absolutely terrified.
When I examined her the pupils were somewhat dilated, both upper lids were retracted and von Graefe's sign was present on both sides. The left plantar reflex was extensor. Her pulse-rate wap 96. The symptoms in this case, especially the gain in weight and the retraction of the lids, suggested a lesion of the hypothalamus.
The attacks appeared to be epileptic in character and the state of terror, with its physiological accompaniments, suggests that the epileptic discharge involved mainly autonomic centres,
(3) Attacks may occur in which the physiological symptoms of a massive sympathetic discharge are more prominent than any psychical disturbance. Attacks of this type have been described by Penfield under the title, "diencephalic autonomic epilepsy." He has reported a case of tumour of the third ventricle leading to hydrocephalus. The patient suffered from frequent attacks which were characterized by a prodromal phase of restlessness, followed by flushing of the skin of the area of the cervical sympathetic supply and by rise of blood-pressure. Next occurred lachrymation, sweating, salivation, dilatation or contraction of the pupils, on some occasions protrusion of the eyes, increase in the rate and pressure of the pulse, with marked retardation of the respiratory rate. Rarely consciousness was lost. I have seen somewhat similar attacks in a patient with a large tumour of the left cerebral hemisphere which had extensively invaded the mid-brain. The attacks in this case consisted of tachyeardia and sweating, with, on some occasions, a rise of temperature. These attacks appear to be paroxysmal discharges from many autonomic centres of the hypothalamus, which have been cut off from higher control. This type of autonomic epilepsy recalls the vaso-vagal attacks, to the description of which Gowers made such an important contribution, and which are frequently associated with angor animi, a point which has recently been emphasized by Ryle, but in these the discharge appears to involve the parasympathetic rather than the sympathetic.
It is clear then that a widespread discharge of the sympathetic centres may occur as a result of a variety of organic lesions and can probably be excited at different levels. It seems probable that when an intense emotional state, suchi as rage or fear, plays a prominent part, the attack starts at a higher level than when the symptoms are predominantly physiological. The phenomena of sham rage throw light upon the " irritability " which is a common symptom of cerebral tumours and vascular lesions, as well as upon the more violent emotional outbursts which are not uncommon in such conditions. It seems evident that in these attacks, excited as a result of organic disease, there is a discharge of centres, the activity of which plays an important part in the symptomatology of states of excitement, such as mania, and states of fear, such as anxiety neurosis, while the symptoms of my second patient and of the attacks of autonomic epilepsy recall in certain important respects those of exophthalmic goitre.
(II) The ocular sympathetic.-The three principal functions of the ocular sympathetic are: (1) dilatation of the pupil; (2) retraction of the eyelids; and (3) protrusion of the eye. Abundant evidence of all three functions is provided by the experimental stimulation and interruption of the cervical sympathetic in animals. The experimental work, especially of Parsons and of Karplus and Kreidl, has established the central path of the ocular sympathetic fibres in the nervous system. They are represented both in the frontal and occipital cortex, whence a descending path runs to the hypothalamus and thence to the braini stem, lateral to the aqueduct of Sylvius. From here the fibres run downwards in the lateral part of the tegmentum of the pons and medulla, through the cervical cord to the first and second dorsal segments, where the preganglionic fibres take origin in the lateral horns of grey matter. The peripheral path of the fibres passes through the cervical sympathetic, the synapse between the pre-and post-ganglionic fibres occurring in the superior cervical ganglion. The cortical representation of the ocular sympathetic is of importance and might have been anticipated, since the occurrence of dilatation of the pupils in response to a terrifying sight presupposes a link between the visual cortex and lower sympathetic centres. Ocular sympathetic paralysis.-I need not discuss at length the familiar symptoms of ocular sympathetic paralysis, namely, drooping of the upper lid, contraction of the pupil with loss of reflex dilatation, and preservation of the reaction to light, and enophthalmos (Horner's syndrome). The fact that true enophthalmos does occur in man has an important bearing upon the role of the sympathetic in the production of exophthalmos. In a case of right-sided paralysis of the ocular sympathetic the exophthalmometer gave readings of 13 mm. on the right side and 16 on the left.
Lesions producintg paralysis of the ocular syrnpathetic.-Little attention has been paid to the effect upon the ocular sympathetic of lesions of the cerebral hemispheres, but Guillain and his collaborators have recently described a case in which there was a simultaneous onset of a thalamic syndrome on one side, with ocular sympathetic paralysis on the side of the lesion. Wilson has attributed the contracted pupils and ptosis of tabes to damage tGo the ocular sympathetic fibres in the mid-brain in the neighbourhood of the aqueduct of Sylvius. Horner's syndrome is a familiar symptom of lesions of the lateral part of the tegmentum of the pons and of the medulla, especially of thrombosis of the posterior inferior cerebellar artery, and of lesions involving the sympathetic fibres within the spinal cord and in the peripheral course.
Over-action of the ocular sympathetic.-(1) Dilatation of the pupils: This occurs in conditions of sympathetic activity, such as anger and fear, and when the sympathetic is released from the antagonist action of the para-sympathetic, for example, in paralysis of the third nerve.
(2) Retraction of the eyelids: Collier has recently drawn attention to the occurrence of lid retraction as a symptom of organic disease, especially, in his opinion, of lesions involving the posterior commissure. Such lid retraction may be congenital or may be a symptom of tabes, disseminated sclerosis, encephalitic Parkinsonism, and the vascular lesions and tumours involving the dorsal part of the hypothalamic region. The association of lid retraction with exophthalmos is familiar in exophthalmic goitre and I would stress the fact that retraction of one upper lid may be the first symptom of this disorder and may precede all other symptoms by months.
(3) Exophthalmos: The mode of production of exophthalmos, apart from gross neoplastic and inflammatory lesions involving the orbit, raises many difficult problems. Can exophthalmos in man be attributed to sympathetic over-activity ? The association of this symptom with other evidences of sympathetic over-activity in cases other than exophthalmic goitre indicates, I think, that it can. I shall not discuss the many conflicting theories concerning the peripheral mechanism by which it is produced. I will only say that there is ample evidence of the existence in man of a considerable amount of smooth muscle in the orbit, in addition to the two smooth muscles described by Miuller.
[Lantern slides were shown illustrating the occurrence of exophthalmos as a sequel of encephalitis and other disorders involving the hypothalamus and midbrain.] I have seen exophthalmos in three cases of post-encephalitic Parkinsonism, in one of which it was associated with weaknless of conjugate movement upwards, tremor, sweating, tachycardia, hyperglycaemia, glycosuria, and loss of weight. Another patient, after a typical attack of encephalitis lethargica, at first gained 3 st. in weight. Three years after the illness, however, she developed a typical exophthalmic goitre, from which she is now suffering. These and other similar cases provide evidence that exophthalmos may follow a lesion involving the neighbourhood of the upper part of the mid-brain.
What is the relation between exophthalmos and hyperthyroidism ? This is at present an unsolved problem. On the whole, experimental evidence appears to show that exophthalmos cannot be produced by the administration of thyroid or thyroxin to normal animals. Certain points favour the view that the exophthalmos is not a direct result of hyperthyroidism. These are the occurrence of lid retraction and exophthalmos before other symptoms of hyperthyroidism, of unilateral exophtbalmos in exophthalmic goitre, and of progressive increase in exophthalmos in patients with a subnormal basal metabolic rate, after partial thyroidectomy.
In conclusion may I say a few words about the interesting condition in which exophthalmos is associated with ophthalmoplegia. The association of ophthalmoplegia with "exophthalmic goitre" has been known for many years. Not all patients exhibiting exophthalmos and ophthalmoplegia, however, suffer from goitre, and it is by no means certain that those who do are typical cases of exophthalmic goitre. Therefore it seems to me desirable to use the term " exophthalmic ophthalmoplegia" to describe this syndrome. This name possesses the advantages of being purely descriptive and of involving no assumption with regard either to the cause of the syndrome or to its relationsbip to exophthalmic goitre. In this condition, exophthalmos, which may be unilateral or bilateral, is associated with external ophthalmoplegia and usually with autonomic symptoms, such as tachyeardia, sweating, hyperglycaemia and glycosuria, with or without enlargement of the thyroid.
[Lantern slides of patients suffering from exophthalmic ophthalmoplegia were shown.] Whatever may be the etiology of typical exophthalmic goitre, there appears to be ample clinical evidence that exophthalmos, lid retraction, and other symptoms of sympathetic overactivity commonly associated with hyperthyroidism, may be produced by organic lesions in the region of the hypothalamus or upper part of the mid-brain.
Dr. Langdon Brown: As a pupil of both Gaskell and Langley I should like to add to Professor Woollard's remarks, that the original work in laying down the main lines of the sympathetic nervous system was done by Gaskell. To read an account of the sympathetic before Gaskell reminds me of reading an account of the circulation before Harvey. Since the time of Gaskell and Langley the most important advance has been in relating the diencephalon to the autonomic system. Cushing has aptly described the diencephalo-pituitary apparatus as the very mainspring of primitive existence-vegetative, emotional, and reproductive-on which, with more or less success, man has come to superimpose a cortex of inhibitions. In other words, it mediates between the tortex on the one hand, and the endocrine glands on the other. The sympathetic nervous system is arranged to work over large areas of the body at once. The general effects of its stimulation are to prepare the body for a struggle, whereas the general effects of the cranial parasympathetic are to conserve energy and build up reserves, the sacral portion being expulsive. When one is stimulated the other is inhibited. The rhythm of life largely depends on the fluctuating balance between these two. There are two possible reactions to danger: violent preparation for fight or flight through the sympathetic, or complete immobilty, "shamming dead," effected through the parasympathetic. These two reactions admit of no compromise ; they illustrate the " all or nothing" principle ; so that stimulation of the one must involve inhibition of the other. Each of these great divisions co-operates with a group of endocrine glands; the sympathetic with the adrenals, the thyroid and the pituitary, the parasympathetic with the pancreas. The sympathetic-endocrine group are closely associated with the gonads. In this way a basic tripod came to be formed which is entrusted with the preservation of the individual and the continuity of the species. If any one limb of this tripod, sympathetic system, endocrines, gonads, becomes affected, the balance of the whole is disturbed.
Psychoneuroses may express themselves at any one of the three great levels of the nervous system; at the visceral level it is clear that, however the sympathetic nervous system is brought into action, it simulates the ordinary expression of certain Section of Neurology and Section of Medicine emotions, and pre-eminently the emotion of fear. It is also clear that psychoneurotics complain of the same physical symptoms as those experienced in a state of fear. A subconscious state of continued fear is probably responsible for producing these symptoms through the sympathetic system. Designed for action as a whole, in disease the sympathetic response may show dissociation or preservation. Through interaction with the ductless glands such functions as sugar metabolism may be affected. Evolved in a subconscious plane, the sympathetic remains for ever beyond the control of the will, but as various associations can produce autonomic effects without our will, it is reasonable to infer that if we recall those associations through our will, the autonomic effects will be reproduced.
Professor E. D. Adrian: So far, no one has mentioned the relation of the sympathetic to respiration. A year ago I should not have said that this was an omission, but last summer we were trying to record the impulses which are normally discharged in sympathetic nerve-fibres. We ought to have known that it would happen, but we were surprised to find that, in general, the tonic discharge to the bloodvessels occurs rhythmically in phase with the action of the respiratory centre. This seems to be due to a general overflow from the respiratory contre in the brain stem to the vaso-motor centre. These centres are closely coupled, and we have to think of the vaso-motor discharge, not as a perfectly smooth discharge going on all the time to the vessels, but as something which is very delicately poised. It is influenced in two ways: First, at each period of activity of the respiratory centre there is a tendency for the vaso-motor centre to discharge, and secondly, the aortic nerve and the sinus caroticus nerve-with which Professor Samson Wright has dealtinhibit the activity of the vaso-motor centre. And it is interesting that the sympathetic centres or rather the vaso-motor centres have no afferent nerves with a specific excitatory effect. A rise of blood-pressure may be induced by strong stimulation of an afferent nerve, but there are no specific pressor nerves. The nerves which act specifically on the centre are inhibitory, and apparently it is always being urged on by the activity of the respiratory centre, and toned down by the nerves from the blood-vessels. Consequently the vaso-motor discharges often occur either with the rhythm of respiration or with a rhythm corresponding to the heart-beat, because tne afferent impulses from the blood-vessels are discharged at each heart-beat.
There is another small point which is perhaps worth mentioning. The physiologist, naturally, begins with the frog, and the frog shows well the importance of the sympathetic in connection with self-preservation. If you try to catch a frog by the leg, it jumps away unless it is gripped very tightly. The reason it does so is because it secretes a slimy mucus from the skin. If the cutaneous nerves are examined in a spinal frog, it is found that whenever the skin is touched or pinched, there is at once a very large discharge of sympathetic impulses coming down the cutaneous nerve and causing the skin glands to secrete. Thus the sympathetic system enables the frog to become slimy as soon as it is touched, and so to escape its captor more easily. In some mammals the erection of the hairs may help by giving the animal a more terrifying appearance, but the cutaneous reflex in the frog has a more obvious protective function.
